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JUSTICE, TERESA C., Ph.D. A Developmental Model for the 
Evolution of Paternal Care. (1995) 
Directed by Dr. Timothy D. Johnston. 11Opp. 
A number of theories have been presented to explain the 
evolution of paternal care in mammals. However, these 
theories do not explain the origin of paternal care 
behaviors within a species. The purpose of this paper was 
to present a developmental model for the origin of paternal 
care within an individual species through a change in the 
species-typical developmental system. According to the 
model, rearing male voles with their fathers will initiate a 
change in the species-typical developmental system that will 
increase the likelihood of paternal care being displayed by 
the males when they become fathers. Furthermore, paternal 
care is predicted to increase across generations if the 
males continue to be reared with their fathers. 
The predictions of the model were tested by rearing 
male montane voles with their fathers for three generations. 
The behaviors of male voles reared without their fathers 
were compared with the behaviors of these males reared with 
their fathers for three generations. The parental behaviors 
of the males and females in each group were recorded for 30 
minutes per day from the birth of the litter until Day 20. 
Parental behaviors for Days 1-10 and Days 11-20 were 
analyzed separately. 
Only one of the paternal behaviors recorded, time spent 
in proximity to the offspring, increased across the three 
generations. In addition, changes were detected in the 
behaviors of the females reared with their fathers across 
the three generations. Changes were detected for the 
maternal behaviors of time spent on the nest still, time 
spent in proximity, frequency of pickup, and frequency of 
nestbuilding. Furthermore, housing females with their mates 
also altered maternal behaviors. 
The results provided limited support for the model. 
Three generations may not have been sufficient for extensive 
changes in paternal care behaviors to be observable. The 
changes in the behaviors of the females required a revision 
of the model. The revised model incorporated the role of 
maternal behavior and interactions between the parents into 
the evolution of a biparental care system. 
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CHAPTER I 
INTRODUCTION 
Considerable variation exists among species of rodents 
in the amount of care the male displays toward his 
offspring. Males of some species display extensive paternal 
care while males of other species abandon the female after 
copulation and display no paternal care. For example, male 
montane voles in the laboratory do not typically display 
paternal care and in the field they may maintain an 
overlapping territory with the females but do not enter the 
natal nest (Jannett, 1982; McGuire & Novak, 1986). Male 
prairie voles, however, remain with the female and display 
extensive paternal care. These males are involved in nest 
construction and maintenance, pup retrieval, brooding and 
grooming of pups, food caching, and runway construction 
(Gruder-Adams & Getz, 1985; Hartung & Dewsbury, 1979; 
Oliveras & Novak, 1986; Thomas & Birney, 1979; Wilson, 
1982). 
A number of theories have been presented to account for 
the evolution of paternal care in mammals. Because paternal 
care is most often associated with a monogamous mating 
system among mammals (Kleiman & Malcolm, 1981; Snowdon, 
1990), these theories often consider the evolution of 
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paternal care in the context of the evolution of mating 
systems. 
Theories to explain the evolution of mating systems in 
general, and paternal care in particular, are concerned with 
organisms insuring the survival of their individual 
genotypes by producing a viable offspring that then 
reproduces in the next generation, insuring gene 
transmission into future generations (Crook, 1977; 
Eisenberg, 1977). Mating systems are the result of 
organisms competing to maximize their reproductive success 
(Emlen & Oring, 1977). Survival and reproduction are 
affected by environmental factors, such as the ecology in 
which a species lives (Wrangham, 1987). Presuming that 
evolution occurs through natural selection, several of these 
theories examine the relationship between mating systems and 
ecologies (Barlow, 1988; Crook, 1970; Crook & Gartlan, 1966; 
Eisenberg, 1977; Wittenberger & Tilson, 1980; Wrangham, 
1987). Species are believed to display a mating system that 
is adapted, as a result of selection, to the ecology in 
which they live (Eisenberg, 1977; Wittenberger & Tilson, 
1980; Wrangham, 1987). Likewise, similarities are expected 
in mating systems among species that live in similar 
ecologies and differences are expected among species as a 
result of different ecological pressures (Wrangham, 1987). 
According to some ecological theories of mating system 
evolution, paternal care is a consequence of the evolution 
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of monogamy in some species (Barlow, 1988; Elwood, 1983). 
Ecological factors unrelated to paternal care may influence 
the evolution of monogamy, including dispersal of females 
and synchronicity of female breeding (Barlow, 1988; Clutton-
Brock, 1991; Davies, 1989; Dunbar, 1988; Eisenberg, 1977; 
Emlen & Oring, 1977; Kleiman, 1977; Trivers, 1972; 
Wittenberg & Tilson, 1980; Wrangham, 1987). Female 
dispersion and synchronicity of female breeding are believed 
to have evolved because of the ecological pressures of the 
environment. If female dispersion and synchronicity of 
female breeding deny a male access to more than one fertile 
female, a male may be able to increase his reproductive 
success by remaining with the female and caring for their 
offspring. If the male does not directly care for his 
offspring, he may still enhance his reproductive fitness by 
defending the territory from other males who would exploit 
the territory's resources, by defending his offspring from 
infanticide by other males, or by providing defense against 
predators (Clutton-Brock, 1991; Cockburn, 1988; Eisenberg, 
1977; Wrangham, 1987). Therefore, these theories explain 
paternal care as a consequence of ecological factors which 
affect female dispersal and synchronicity of female breeding 
in some species. 
According to other ecological theories of mating system 
evolution, paternal care is an explanation for the evolution 
of monogamy. Some species display a monogamous mating 
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system because of the importance of the male's contributions 
to the care of the offspring. For example, monogamy is 
believed to evolve when male care is essential to the 
survival of the offspring, due to the ecological 
circumstances (Dunbar, 1988; Emlen & Oring, 1977; Kleiman, 
1977; Snowdon, 1990: Wittenberger & Tilson, 1980; Wrangham, 
1987). In species where the female alone is unable to care 
successfully for the offspring, the male's presence is 
necessary and, therefore, selection favors monogamous over 
polygynous males. 
In addition to ecological pressures, sexual selection 
is believed to influence the evolution of paternal care and 
monogamy (Barlow, 1988; Clutton-Brock, 1991; Orians, 1969; 
Trivers, 1972). Wittenberger and Tilson (1980) argue that 
male care is never essential to offspring survival among 
mammals. Rather, they consider paternal care to have 
evolved through mate selection. They believe that monogamy 
might evolve when paternal care increases the number of 
offspring reared successfully. If a female is more 
reproductively successful pairing with an unmated male than 
pairing with a male that is already mated, perhaps because 
of the paternal care he can provide, then monogamy is 
predicted (Davies, 1989; Wittenberger & Tilson, 1980). A 
female might be more successful pairing with an unmated 
male, even if he possesses an inferior quality territory, 
than pairing with a mated male in possession of a better 
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territory. The female may benefit through lower competition 
for resources, including nonshareable paternal care (Orians, 
1969). 
Furthermore, females may choose to mate with males who 
will share in the care of their offspring, therefore 
selecting against polygynous males in some species (Clutton-
Brock, 1991; Cockburn, 1988; Davies, 1989; Trivers, 1972). 
Females may also actively exclude other females from the 
territory that they share with a male (Emlen & Oring, 1977; 
Wittenberger & Tilson, 1980). 
In addition, models have been presented to explain 
paternal care in terms of costs and benefits to an 
individual's lifetime reproductive success without 
considering ecological factors and sexual selection 
(Williams, 1966a, 1966b). According to these models, 
evolution has resulted in a reproductive strategy for a 
species that maximizes an individual's lifetime reproductive 
success. The amount of care individuals displays toward 
their offspring is determined by the cost of that care to 
the future reproductive success of the individual. 
Reproductive success is a tradeoff between current 
reproductive efforts and future reproductive possibilities. 
There is a cost to parental care and that cost can be a 
reduction in future reproductive success. A number of 
mathematical models are available that predict optimal 
reproductive tactics based on time and energy budgets, age 
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effects, parent-offspring relatedness, the number of 
offspring in a litter, the effort of the other parent, the 
time in the breeding season, the age of the offspring, and 
the condition of the parent (Pianka, 1976; Schaffer, 1974; 
Winkler, 1987). 
Theorists argue that monogamy will be favored by 
selection if a male's reproductive success is increased more 
by investing in the offspring of one female than by 
investing in the offspring of multiple females (Clutton-
Brock, 1991; Crook, 1970; Trivers, 1972). More generally, 
if a male is more reproductively successful by defending 
access to one female rather than by mating with multiple 
females, monogamy will be favored (Crook, 1977; Kleiman & 
Malcolm, 1981; Trivers, 1972; Wittenberger & Tilson, 1980). 
This does not necessarily require that the male provide 
paternal care, however, the male may be more successful with 
only one female because he provides nonshareable paternal 
care (Crook, 1977). 
Although these theories may be useful in explaining why 
some species display paternal care and others do not, they 
do not in themselves explain the origin of paternal care 
behaviors. For example, the fact that male care is 
important for the survival of offspring does not explain how 
paternally caring males initially appear within a 
population. Likewise, if a male mates with only one female 
due to the distribution of females, how can paternal care 
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originate so that the male can care for his young and 
increase his reproductive success? Paternal care may be 
advantageous to the reproductive fitness of males and 
females under certain circumstances; however, the origin of 
these parental care behaviors by males must be explained in 
order for their evolution to be fully understood. 
Approaches to Evolution 
According to the neo-Darwinian approach to evolution, 
evolution is defined as a change in gene frequencies within 
a population across generations (Dawkins, 1976, 1982; 
Dobzhansky, 1942, 1951; Dobzhansky et al., 1977; Huxley, 
1964; Mayr, 1963). Evolution occurs through the natural 
selection of inherited characteristics. Furthermore, 
characteristics are inherited through the genotype. 
Evolution can only occur through the natural selection of 
characteristics that are produced by the genes. In this 
view, characteristics that develop as a result of 
environmental influences cannot be inherited and thus are 
not considered to be evolutionary changes. 
Genetic mutation and natural selection together produce 
evolution (Dawkins, 1976, 1982; Dobzhansky, 1951; Huxley, 
1942, 1964; Lorenz, 1965; Mayr, 1963). Random genetic 
mutations and recombination produce heritable phenotypic 
variability and evolution occurs through the natural 
selection of these variations. Furthermore, genetic 
mutations can produce changes to the phenotype of varying 
8 
magnitude. Genetic mutations can produce small, hard to 
detect changes in the phenotype, or large, easily detected 
phenotypic changes (Dobzhansky, 1951). 
According to this approach, the most reproductively 
successful individuals will contribute the largest 
proportion of genes or alleles to the next generation 
(Dobzhansky et al., 1977). Over generations, this 
differential survival of genotypes will result in a change 
in the genetic composition of a population. Therefore, 
evolution involves the differential reproduction of 
genotypes (Dawkins, 1976). 
A number of theorists have criticized the neo-Darwinian 
approach to understanding evolution on the grounds that it 
is primarily a theory of genotypes and theories of evolution 
must explain changes in phenotypes (Gottlieb, 1987; Gray, 
1992; Johnston & Gottlieb, 1990; Ho & Saunders, 1979, 1982; 
Lovtrup, 1984; Rosen & Buth, 1980). According to neo-
Darwinism, genotypic change is the source of phenotypic 
variability necessary for evolutionary changes through 
natural selection. However, the critics argue that although 
genotypic change is an important aspect of phenotypic 
evolution, phenotypic change occurs through changes in the 
developmental process. The developmental process must be 
understood in order to understand the sources of phenotypic 
variability necessary for natural selection. 
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Specifically, these theorists believe that phenotypic 
variability results from changes in epigenetic mechanisms. 
The epigenetic process involves interactions between the 
organism and the environment. Although the genome is 
involved in this process, it does not contain all of the 
information required for the epigenetic process. Many 
factors contribute to the process and changes in any of 
these could result in a change in the epigenetic process. 
This change in the epigenetic process might produce a 
species-atypical phenotype. 
According to the neo-Darwinian approach, evolution has 
not occurred if there has been no change in the genes or 
gene frequencies within a population. However, other 
theorists argue that these genetic changes are not necessary 
in order for persistent changes in the phenotype to be 
considered evolution (Avitral & Jablonka, 1994; Gottlieb, 
1987; Johnston & Gottlieb, 1990). Enduring changes in 
behavioral phenotypes can be brought about by nongenetic 
alterations of the developmental system (Gottlieb, 1987; 
Johnston & Gottlieb, 1990; Ho & Saunders, 1979, 1982; Rosen 
& Buth, 1980). For example, a change in temperature might 
sufficiently alter the developmental system of individuals 
within a population to result in a change in phenotype. 
This altered phenotype might persist within the population 
for a number of generations as long as the altered 
developmental system persists. 
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In conclusion, in order to understand evolution, we 
must understand phenotypic development. Furthermore, 
although the genotype contributes to the development of the 
phenotype, there are other important influences on 
development. From the point of view of the interactionist 
approach to development, the development of the phenotype is 
a result of interactions of the numerous components of the 
organism and the organism's environment (Bateson, 1987? 
Gottlieb, 1976, 1981, 1991; Kuo, 1924; Lehrman, 1953, 1970; 
Johnston & Gottlieb, 1990). These components of the 
interactional developmental process include learning, diet, 
exercise, social stimulation, genes, physical effects, etc. 
In fact, parental care may be one component that contributes 
to developmental interactions. A change in any one of these 
components might alter the phenotypic development of the 
individual. 
According to neophenogenesis, an alternative view of 
the process of evolution presented by Johnston and Gottlieb 
(1990), evolutionary change can occur through a persistent 
change in any of the components that contribute to 
development. Genetic changes or genetic assimilation are 
not required for evolution as suggested by the neo-Darwinian 
approach; rather, a persistent change in phenotype as a 
result of a change in the developmental system can result in 
evolution. Evolution will be defined in this discussion as 
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the persistent change in a phenotype within a species or 
population across generations. 
Parental behaviors may contribute to the developmental 
interactions that produce a given phenotype. If a change 
occurs in parental behavior an altered phenotype might 
develop. If this altered parental behavior persists, the 
altered phenotype would persist across generations. 
Likewise, a change in the developmental system might produce 
a change in parental behaviors. A novel parental behavior 
pattern might develop as a result of a change in the 
developmental system. Furthermore, a change in parental 
behavior might produce a change in the developmental system 
that results in the development of a novel parental behavior 
pattern. If this novel parental behavior pattern persists 
across generations, then evolution has occurred. 
A Model for the Evolution of Paternal Care 
According to neophenogenesis, evolutionary changes in 
paternal behavior must involve changes in one or more 
components of the developmental process. The purpose of 
this discussion is to present a developmental model for the 
evolution of paternal care by explaining how paternal care 
might originate in a species through a developmental change. 
According to this model, altering the developmental 
experiences of offspring can produce paternal care within a 
population across generations (Figure 1). If paternal care 
persists within the population, then evolution has occurred 
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Initial State: 
Males Abandon Mate and Offspring 
Ecological 
Change 
? 
Males (PC) Remain at the Natal 
Nest and Display Little Paternal Care 
I 
Adults Males Show an Increased 
Tendency to Provide Mae Paternal 
Care than Received as Pups 
Offspring Receive Enhanced 
Paternal Care 
Figure 1. A developmental model for the evolution of 
paternal care in a polygynous species. 
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if evolution is defined is a persistent change in the 
phenotype of a population across generations. 
The model (Figure 1) begins with a species where males 
do not care for their offspring and abandon females after 
mating. The first stage of the model is the occurrence of 
an ecological change that results in at least some males 
changing their behavior and remaining in the natal nest with 
their offspring. Although this stage will not be explicitly 
examined in the proposed study, there is ample evidence from 
a variety of species to demonstrate that ecological changes 
may indeed produce such changes in behavior (see below). 
The next step in the model (Figure 1) proposes that the 
male's presence at the natal nest will alter the development 
of his offspring. In fact, laboratory studies have shown 
that the early social environment can affect the behavioral 
development of rodents, in particular the development of 
parental behavior. In addition, the development of 
parental behavior may be influenced by the effects of 
experience on other aspects of social behavior, such as 
aggression, submission, affiliation, sexual behavior, and 
social preferences. 
The model predicts, in particular, that the presence of 
the male will influence the paternal care displayed by his 
offspring (Fx offspring). The hypothesized relationship is 
shown in Figure 2. Here, the amount of paternal care 
received by the offspring results in an increase in that 
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±= High 
Low 
Low High 
Paternal Care Received as a Pup 
Figure 2. The predicted relationship between paternal care 
received and paternal care displayed by males. 
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displayed by the offspring when they reproduce, up to some 
asymptote. Thus, it is predicted that the Fx offspring will 
display more paternal care than their fathers as a result of 
their early exposure to a paternal presence and minimal 
paternal care. The purpose of the experiment proposed here 
is to test the prediction that male pups receiving minimal 
paternal care will display increased paternal care as 
adults, by rearing male montane voles with and without their 
fathers. 
The next stage of the model (Figure 1) predicts that 
the second generation (F2) offspring will display even more 
paternal care than their fathers, the Fx offspring. The F2 
offspring received more paternal care than the Fi males and 
as a result they will display more paternal care (Figure 2). 
According to the model, parental care is self-
perpetuating across generations. The ecological change 
which results in the male parent remaining at the natal nest 
initiates a change in the developmental process of 
individuals which stabilizes across generations, resulting 
in consistent development of paternal care. Paternal care 
should be observed in a species as long as the experiences 
leading to the development of paternal behavior continue to 
occur. If males continue to care for their offspring, their 
offspring will continue to develop paternal behaviors. The 
original ecological change need no longer be present in 
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order for increased paternal care to be observed because the 
system is self-perpetuating. 
According to the model, a change in genotype is not 
required within a montane vole population in order for a 
change in paternal behavior to develop and stabilize across 
generations. This new phenotype will stabilize through a 
consistency in rearing environment (the presence of the male 
at the natal nest). However, genetic changes in the 
population, as proposed in the standard neo-Darwinian 
account, may also occur. 
Behavioral Responses to Ecological Changes 
How might the initial tendency of males to remain at 
the natal nest be explained in a species like montane voles, 
in which males usually abandon the female after mating 
(Jannett, 1982; McGuire & Novak, 1986)? Empirical evidence 
suggests that an ecological change might alter their nesting 
behavior. Lott (1991) reviews numerous studies 
demonstrating the fluctuation of mating systems and nesting 
patterns within a species in response to ecological changes. 
Food availability, intrasexual competition, sex ratios, nest 
site characteristics, and season are some of the ecological 
conditions which have been found to correlate with changes 
in mating systems and nesting patterns within a species. 
For example, the mating system of red foxes varies with food 
availability (Zabel & Taggart, 1989). When prey is 
abundant, polygynous mating is observed. However, in times 
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of low prey availability, these animals mate monogamously. 
In addition, Roberts (1987) found that European rabbits 
fOryctolaaus cuniculus tend to mate monogamously in the 
presence of small warrens. In the presence of large, multi-
entranced warrens, these rabbits mate polygynously. 
Population density is one ecological factor associated 
with changes in nesting patterns within a species. For 
example, the nesting patterns of female montane voles are 
influenced by fluctuations in population density (Jannett, 
1978). During periods of low population density, females 
abandon weanlings at the natal nest. However, when 
population densities are high, females rear seguential 
litters in the same natal nest with older siblings. 
Furthermore, natal dispersion is affected by population 
densities in prairie voles (McGuire et al., 1993). 
Dispersion from the natal nest is more common at lower 
population densities. 
Nesting patterns of a few species are affected by 
seasonal changes. For example, nesting patterns of male 
deer mice (Peromyscus maniculatusl show seasonal variability 
(Mihok, 1979). During the winter, loss of body heat 
increased due to cooler temperatures and males sometimes 
nested with females and their offspring. According to Lott 
(1991), males may reduce their heat loss by nesting with 
females and pups. Communal nesting during the winter months 
has also been found in taiga voles (Microtus xanthoanathus1 
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living in Alaska (Wolff & Lidicker, 1981). During the 
winter these voles form nonfamily groups and cooperate in 
food storage. 
Meadow voles also alter their nesting patterns late in 
the breeding season and during winter months (Madison et 
al., 1984; Webster & Brooks, 1981). Male meadow voles may 
remain with the female and her last litter of the season and 
overwinter in groups. During the summer there is little 
contact between adult meadow voles. In addition, the 
presence of another male has been found to affect male nest 
attendance in meadow voles. When housed in enclosures, male 
nest attendance was reduced due to the presence of another 
male in an adjacent enclosure (Storey & Snow, 1987). 
Lott (1991) suggests a number of possible explanations 
for the many observations of variations in species-typical 
behavior. Genetic differences between populations may 
develop over time and explain intraspecific variations in 
behavior between populations. However, he points out, in a 
number of situations behaviors have been observed to vary 
within populations. Apparently these organisms possess a 
set of mechanisms allowing the alteration of their behavior 
to fit environmental circumstances. According to Lott, 
within the genotype there are believed to be traits for 
flexibility as a result of natural selection favoring 
developmental plasticity. 
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In addition, Lott points out that experience can 
produce alternative phenotypes. For example, he suggests 
that species-typical sexual behavior might be altered in 
mice as a result of maternal stress altering testosterone 
production by male fetuses. He goes on to suggest that 
changes in social behavior and the social system may result 
as a consequence of this prenatal experience. 
Regardless of the cause of intraspecific variation, the 
numerous examples of this intraspecific variability in 
mating systems and nesting patterns in response to 
ecological changes make it plausible to suggest that male 
montane voles might remain at the natal nest in response to 
certain ecological changes, such as food availability, 
intrasexual competition, sex ratios, or temperature. The 
specific ecological change necessary to alter male nesting 
patterns in montane voles is unknown. 
Effect of Social Experience on Development 
According to the second step in the model, the male's 
presence at the natal nest is predicted to alter the 
development of his offspring. Paternal care may have been 
responsible for changes found in the development of parental 
behaviors in meadow voles (McGuire, 1988). Meadow vole 
males typically engage in little or no paternal care and 
likewise, they receive little or no care from their fathers. 
However, when meadow voles were cross-fostered to prairie 
vole parents they received species-atypical paternal care 
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and possibly species-atypical maternal care. This exposure 
to altered parental care was found to increase the levels of 
parental behavior displayed by adult male and female meadow 
voles. Males shared a nest with their mate more frequently 
when they had been cross-fostered to prairie vole parents 
than when they had been in-fostered to meadow vole parents. 
In addition, cross-fostered males spent more time in contact 
with their own offspring and females spent more time 
brooding, nursing, and grooming their pups. 
Additional studies demonstrate the influences of early 
social experiences on the development of parental behaviors 
in adulthood in rodents. Exposure of pups to older and 
younger siblings have been found to affect the development 
of parental behaviors. In prairie voles, exposure as pups 
to older siblings decreased parental behaviors (Solomon, 
1994). Males reared in the presence of older siblings spent 
more time in non-parental behaviors, more time out of the 
nest, and less time brooding than males reared without their 
older siblings. Furthermore, exposure to younger siblings 
during the postweaning period resulted in an increase in 
parental responsiveness to novel pups in California mice 
fPeromvscus californicus) (Gubernick & Laskin, 1994). 
However, this effect was temporary and by 55-65 days of age 
the pups exposed to their younger siblings showed the same 
low level of parental responsiveness to novel pups as pups 
not exposed to their younger siblings. 
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In addition to exposure to siblings, the gender 
composition of the rearing group has been found to affect 
the parental behaviors of nest construction and maintenance 
in Norway rats (Rattus norvecricus) (Sharpe, 1975). Females 
reared in bisexual litters built more elaborate nests and 
engaged in more nest building than females reared in 
unisexual litters. 
Additional studies have demonstrated the effect of 
early social experiences on the development of additional 
behaviors, similar to parental behavior in their social 
nature. In particular, cross-fostering has been found to 
affect the development of social and sexual preferences and 
aggression (Denenberg, Hudgens, Zarrow, 1964; Huck & Banks, 
1980; Lagerspetz & Heino, 1970; McDonald & Forslund, 1978; 
McGuire & Novak, 1987; Quadagno & Banks, 1970). 
Furthermore, social isolation after weaning has been found 
to affect the development sexual activity and aggression in 
adulthood (Denenberg et al., 1964; Kagan & Beach, 1953; 
King, 1957; King & Gurney, 1954; Valenstein, Riss, & Young, 
1955). 
These numerous studies demonstrate the importance of 
the early social environment of the development of behavior. 
The early social experience of interest in this study, 
presence of the male during rearing, has been found to 
influence phenotypic development. In Mongolian gerbils, the 
presence of the male during rearing has been found to 
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accelerate eye opening, decrease time spent in the natal 
nest, decrease time spent alone, and increase activity 
(Elwood & Broom, 1978). Weight gain was also affected by 
paternal presence in California mice until 21 days of age, 
when differences in weight between the two groups diminished 
(Dudley, 1974b). However, under stressed environmental 
conditions where the female was removed for 12 hours per 
day, the male's presence had a more extensive effect on the 
development of California mice. In this environment, the 
male's presence increased weight gain by the pups, increased 
survival, and increased physical maturity (Dudley, 1974b). 
Furthermore, the presence of the male during rearing reduced 
the prevalence of seizures through adulthood for Mongolian 
gerbils (McCarthy & Southwick, 1977). 
Activity levels and aggression are influenced by the 
male's presence in Tuck TT mice (Mugford & Nowell, 1972) and 
Southern grasshopper mice (Onychomys torridus) (McCarthy & 
Southwick, 1977). When female grasshopper mice are reared 
with their father, they are more active after weaning than 
females reared without their father. Male grasshopper mice 
and both sexes of Tuck TT mice are more aggressive when 
reared with their father. Therefore, the presence of the 
male parent during early development has been found to 
affect maturity rates, social affiliation, activity levels, 
aggression, and the prevalence of seizures in his offspring. 
In at least some rodent species, the presence of the male at 
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the natal nest alters the development of social behaviors by 
the offspring. 
The third stage of the model predicts that males reared 
with their father (F2) will display increased paternal care 
towards their own offspring (F3). Evidence shows that males 
who receive extensive, species-atypical parental care as 
pups display species-atypical levels of paternal care toward 
their own offspring. Cross-fostering meadow voles to 
prairie vole parents was found to increase the levels of 
parental behavior displayed by adult male and female meadow 
voles (McGuire, 1988). Prairie vole males display extensive 
paternal care and meadow vole pups reared by prairie vole 
parents would thus receive species atypical levels of 
paternal care. However, the cross-fostered meadow voles in 
this study were exposed to both paternal care and species-
atypical maternal care. Therefore, it cannot be concluded 
that exposure to paternal care alone influences the 
development of paternal care in this study. Exposure to 
species atypical maternal care may have produced the 
observed changes in paternal care. In addition, this study 
does not test the assertion of the model that there will be 
a gradual increase in paternal care across generations. 
Although the results of this cross-fostering study are 
inconclusive with regard to the role of exposure to paternal 
care and its influence on the development of paternal 
behavior, the study does suggest this effect. 
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Constraints of the Model 
The model presented here for the evolution of paternal 
care is not intended to explain all instances of paternal 
care. Rather, it proposes one among a number of pathways by 
which paternal care may evolve. For example, the history of 
a species might influence how the species may further 
evolve. Therefore, this model may only apply to species 
with a particular evolutionary history. In addition, 
ecological circumstances influence evolution and this model 
may only apply in certain ecologies. Furthermore, the 
extent to which the development of paternal behaviors is 
influenced by factors other than paternal care may vary 
across species. For example, exposure to younger siblings 
varies across rodent species and as mentioned earlier, 
exposure to siblings can affect the development of parental 
behaviors. Likewise, species-typical exposure to siblings 
may play a role in the evolution of paternal care within a 
species. 
Levels of maternal care vary considerably across 
species (Hartung & Dewsbury, 1979) and may influence the 
development of paternal care. In the present study, male 
and female montane voles were reared with their father for 
three generations. If the presence of the father can alter 
the development of paternal behaviors, it might also alter 
the development of maternal behaviors. Therefore, changes 
in maternal behaviors across generations are investigated. 
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If maternal behavior changes across the generations, these 
changes in maternal care might influence the development of 
paternal care and the model will need to incorporate the 
role of altered maternal behavior in the evolution of 
paternal behavior. If maternal care does not change then 
changes in paternal behavior can be attributed to changes in 
the paternal care received by the pups. 
In conclusion, the development and evolution of 
paternal care may be influenced by many factors. Therefore, 
the model presented here is neither expected to explain the 
evolution of paternal care in all species, nor expected to 
account for all factors contributing to the development of 
paternal care. The purpose of this investigation is to 
determine the extent to which the evolution of paternal care 
in montane voles can be explained by the developmental 
processes incorporated in this model and to identify other 
developmental influences, such as maternal behavior, that 
may need to be incorporated into the model. 
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CHAPTER II 
METHODS 
Subjects 
The montane voles fMicrotus montanusl used in the 
following experiments were the offspring from stock received 
from the laboratory of Donald A. Dewsbury, Department of 
Psychology, University of Florida. These animals had been 
reared in the laboratory for several generations. Single 
animals were housed in clear polycarbonate cages measuring 
22 x 19.5 x 20 cm (1 x w x h). Pairs and litters were 
housed in clear polycarbonate cages measuring 43 x 22 x 20.5 
cm (1 x w x h). Cages were lined with pine shavings and 
changed every one to two weeks. Continuous access to food 
and water was provided. The animals were fed Purina 
Performance Blend rabbit chow. 
Procedures 
All animals were at least 50 days old when paired. 
Pairs were created by placing two adults into a clean cage 
with fresh bedding. The resulting litters were culled to no 
more than four pups. Litters of one were excluded from the 
study. All litters were videotaped every day for thirty-
five minutes from Day 1 through Day 20. Videotaping of 
litters and their parents was conducted during the dark 
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phase of a 14L:10D light cycle. The male parent was marked 
by the removal of a patch of fur from his head. Offspring 
from all groups were weaned on Day 21 and housed singly. 
According to Figure 2, males who are exposed to low 
levels of paternal care and the paternal presence will 
display more paternal care than males exposed to no paternal 
care. These two conditions were created by rearing litters 
of montane voles with and without their fathers. Montane 
voles reared with their father were expected to receive low 
levels of paternal care while montane voles reared without 
their father received no paternal care (Group NPC). 
Therefore, according to the model, animals reared with their 
father will display more paternal care as adults than those 
reared in Group NPC. 
The NPC group was created by pairing sexually 
inexperienced montane voles and housing them together for 
approximately 36 hours, after which the male was removed 
(Figure 3). Female montane voles display postpartum 
estrous. In order to ensure that females in all groups were 
pregnant with a second litter during the postnatal 
development of the first litter, females in the NPC group 
were exposed to their mates postpartum. Each female was 
removed from the natal cage and placed in the cage of her 
mate for 30 minutes on Days 1, 2, and 3. 
Nine litters were produced as a result of these 
pairings and when the pups from this group were sexually 
NPC (9 litters) 
V 
ft NPr m lit+o  ̂ ^  ̂odditioncil Fl-NPC (8 litters) Fl-NPC litters 
V 
Fl-PC (14 litters) 
V 
F2-PC (9 litters) 
V 
F3-PC (6 litters) 
Figure 3. The creation of groups for this study. 
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mature they were paired with nonsiblings to create the Fl-
NPC group. These pairs remained intact and were allowed to 
produce offspring. Eight usable litters were produced from 
these pairings. 
Ten additional litters were produced from pairings of 
sexually inexperienced colony animals. The male parent was 
not removed from the natal cage in this group. When the 
offspring from these litters were sexually mature, they were 
paired with nonsibling animals from within the same group 
and with offspring from the Fl-NPC group (Figure 3). 
Animals from the Fl-NPC and additional litters experienced 
the paternal presence, therefore, they were paired to 
produce second generation animals reared with their father. 
These pairs constituted the Fl-PC group. Fourteen litters 
were produced from these pairings. 
When the offspring of the Fl-PC group were sexually 
mature, they were paired (F2-PC group) and allowed to 
reproduce. Nine litters were produced by these pairings. 
These offspring were then paired when sexually mature (F3-PC 
group) and six litters were produced. 
Behavior Scoring 
Videotaped sessions were scored using ad lib and scan 
sampling techniques (Altmann, 1974). The first five minutes 
of each session were not scored in order to allow the 
animals to adjust to being placed under the videocamera. 
The remaining thirty minutes of each session were scored by 
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recording every occurrence of retrieval behaviors, nest 
building, and aggression between the parents. In addition, 
the activities of each parent were recorded every 15 
seconds. An animal could' be engaged in multiple activities 
at the time of each scan. The behaviors which were recorded 
using these two technigues are defined in the Appendix. 
The ethogram differed for Days 1-10 and Days 11-20 
because a consistent natal nest was not always identifiable 
during Days 11-20. Therefore, contact behaviors were not 
divided into contact on the nest and contact off the nest 
and retrieval was not divided into retrieval to the nest and 
retrieval to a nonnest location. In addition, nestbuilding 
was not recorded. During Days 1-10, the location of the 
pups was used to define the natal nest and this location 
rarely changed during the course of a 30 minute session. A 
nest change was considered to occur if all of the pups were 
moved to a new location. 
In addition to the behaviors listed in the Appendix, 
the scores for certain behaviors were combined and these 
totals were used as additional dependent variables. For 
Days 1-10, on the nest still and on the nest moving were 
combined to determine the total amount of time that an 
animal spent on the nest. Total time spent on the nest was 
combined with time spent in body contact off the nest in 
order to determine the total amount of time spent in contact 
with the pups. In addition, the three categories of 
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retrieval behaviors (pickup, retrieval to nonnest, and 
retrieval to nest) were combined for an overall retrieval 
score. For Days 11-20, the two retrieval behaviors (pickup 
and retrieve) were combined to produce an overall score for 
retrieval. 
The percentage of time spent in each behavior scored 
using the scan sampling technique was calculated by dividing 
the total number of times a given behavior was scored by the 
total number of scans and multiplying by 100. The frequency 
of behaviors scored using the ad lib technique was 
calculated by dividing the number of times each behavior was 
recorded by the total number of hours observed. 
The observations were separated into Days 1-10 and Days 
11-20 due to possible changes in parental behaviors as the 
offspring matured. Previous studies have found changes in 
parental behaviors during the preweaning period for rodents 
(Dewsbury, 1985; Elwood, 1975, 1983; McGuire & Novak, 1986; 
Waring & Perper, 1979, 1980). The eyes of montane vole pups 
open around Day 10 and they begin to leave the natal nest 
for varying periods of time. Therefore, Day 10 was used to 
divide the sample period into two periods. After Day 10, 
the altered behavior of the pups might alter the behavior of 
the parents. For example, the opportunities for being in 
proximity to the young increase as the pups spend more time 
off of the natal nest. 
32 
The observer was blind to the experimental conditions 
of the animals during scoring. This trained observer scored 
all of the recorded sessions. Intra-observer reliability 
was determined by comparing the scores recorded when a 
session was scored twice by the observer. Inter-observer 
reliabilities were calculated in order to determine the 
precision of the ethogram. A naive and untrained observer 
was given instruction on the use of the scoring program, a 
written copy of the ethogram, and a verbal description of 
the behaviors included on the ethogram. Scores recorded by 
this naive observer were compared with the scores recorded 
by the trained observer. 
Data Analyses 
Males. For comparisons among the four groups of males 
(Fl-NPC, Fl-PC, F2-PC, F3-PC), a Kruskal-Wallis test was 
conducted for each of the dependent variables for Days 1-10 
and Days 11-20 separately. When significant results were 
detected for a dependent variable, the Mann-Whitney U test 
was used to independently compare the Fl-NPC group to each 
of the remaining groups (Fl-PC, F2-PC, and F3-PC) and a 
Kruskal-Wallis test was conducted to assess differences 
among the three groups of males reared with their father 
(Fl-PC, F2-PC, and F3-PC). The Spearman Rank Correlation 
was used to compare paternal care displayed by a male with 
the paternal care displayed by his male offspring for each 
behavior. Data were available for fifteen pairs of fathers 
and their male offspring from among the three generations. 
Some fathers were not included in this analysis because they 
either did not produce a male offspring, did not produce a 
male offspring that became a father, did not produce a 
litter, or did not produce a litter of more than one pup. 
Because of the forty comparisons conducted for the males, 
the alpha level of 0.05 was corrected using the Dunn-Sidak 
method (Ury, 1976). The corrected alpha level for all 
comparisons with the males was 0.001. 
Females. The model did not make predictions about 
changes in maternal behavior. Therefore, the analysis of 
maternal behavior was of an exploratory nature. Because 
these analyses did not involve hypothesis testing no alpha 
level was set. 
For each of the dependent variables, a Kruskal-Wallis 
Test was conducted for Days 1-10 and Days 11-20 for 
comparisons among the five groups of females (NPC, Fl-NPC, 
Fl-PC, F2-PC, and F3-PC). When a p value of 0.05 was 
detected for a dependent variable, the Mann-Whitney U Test 
was used to compare the NPC group to the Fl-NPC group in 
order to investigate the effect of the presence of a male on 
a female's behavior. In addition, the Mann-Whitney U Test 
was used to compare the Fl-NPC group independently to the 
three remaining groups of females (Fl-PC, F2-PC, and F3-PC) 
in order to determine the effect of the rearing conditions 
across generations. In order to assess differences among 
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the three generations of females reared with their father, 
the Kruskal-Wallis Test was conducted with the Fl-PC, F2-PC, 
and F3-PC groups. 
Male and Female Aggression. Prior studies have 
suggested that female aggression might limit a male's access 
to his offspring (Dewsbury, 1985; Elwood, 1975, 1983; 
McGuire & Novak, 1986). Therefore, female aggression might 
limit the male's opportunities for displaying paternal care. 
In order to assess the relationship between paternal care 
and aggression between the male and female, a Spearman Rank 
Correlation was conducted for aggression between the male 
and female and each measure of paternal care for Days 1-10 
and Days 11-20. 
Parental Experience Received by PUPS. The model did 
not make predictions about the changes in the experiences of 
the pups when the behaviors of the parents were combined. 
These comparisons were of an exploratory nature. Because 
these comparisons did not involve hypothesis testing, no 
alpha level was set. 
In order to compare the experiences of pups among the 
five groups (NPC, Fl-NPC, Fl-PC, F2-NPC, and F3-NPC), the 
behaviors of both parents in the Fl-NPC, Fl-PC, F2-PC, and 
F3-PC groups were combined for each dependent variable 
(excluding time spent alone by the parents, contact between 
the parents, and aggression between the parents) to create a 
score of parental experience for the each litter. For the 
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NPC group, only the female was present, so her scores alone 
were used to indicate the parental experience of the 
offspring. Therefore, for each litter in this 
investigation, a score of parental care received was 
generated by combining the scores of both parents when 
present and using the score of the female alone if the male 
was not present. 
These scores of parental care received by the offspring 
were compared among the five groups (NPC, Fl-NPC, Fl-PC, F2-
PC, and F3-PC) using the Kruskal-Wallis Test for each 
dependent variable. When a probability of 0.05 or less was 
detected for a dependent variable, the Mann-Whitney U Test 
was used to compare the NPC group and the Fl-NPC group in 
order to determine the effect of the male's presence during 
rearing on the parental experience received by the pups. The 
Mann-Whitney Test was also used to determine changes in the 
parental experience received by the pups as a result of the 
paternal presence across generations. The Fl-NPC group was 
compared separately to the Fl-PC, F2-PC, and F3-PC groups. 
In order to assess differences in the parental experiences 
of the three generations, the Kruskal-Wallis Test was 
conducted with the Fl-PC, F2-PC, and F3-PC groups. 
Litter Size. All litters in this study, with the 
exception of one, comprised three or four pups. There were 
only two pups in one litter in the Fl-NPC group. This 
litter was excluded from the following analysis. In order 
to investigate possible litter size differences among the 
groups, a Pearson Chi Square was conducted. Litter size did 
not differ among the groups (x2 = 2.25, p = 0.52). 
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CHAPTER III 
RESULTS 
Males 
The behavior of males reared without their fathers (Fl-
NPC) was compared to the behavior of the groups of males 
reared with their fathers for three generations (Fl-PC, F2-
PC, and F3-PC). The model predicted low levels of paternal 
care for the Fl-NPC group and increasing levels of paternal 
care across the Fl-PC, F2-PC, and F3-PC generations (Figures 
1 & 2). Furthermore, a positive relationship was predicted 
between the amount of parental care a male's father 
displayed and the amount of paternal care the male displayed 
toward his own offspring when a parent. 
Days 1-10. Comparisons of the groups of males (Fl-NPC, 
Fl-PC, F2-PC, and F3-PC) during Days 1-10 revealed no 
differences between the groups for any of the dependent 
variables (Table 1). The behaviors of the groups of males 
did not appear to differ during this time period. 
To further test the predictions of the model, 
correlations between paternal care displayed by a father and 
paternal care displayed by his male offspring were 
calculated for each of the dependent variables (Table 2). 
According to the model, males who receive high levels of 
Table 1. Means and Standard Deviations for Groups of Males and Results of a Kruskal-
Wallis Test Among All Groups of Males During Days 1-10. 
Fl-NPC Fl-PC F2-PC F3-PC Kruskal-Wallis 
Behaviors M SD M SD M SD M SD 1 H'* E 
on nest still 10% 15.0 16% 13 , .9 19% 11.1 20% 16. 9 2.4 .49 
on nest moving 20% 11.1 24% 10 .6 27% 11.1 24% 14 . 3 1.7 .63 
total on nest 30% 26.1 38% 18 . 2 46% 21.0 43% 28 . 0 2.2 .53 
contact off nest .7% .9 1% 1 .2 2% 2.2 .7% • 8 1.9 .59 
total contact 31% 25.9 41% 19 .0 47% 21.0 45% 28. 2 2.0 .57 
proximity .1% .1 .1% .2 0% 0 0% 0 .9 .83 
pickup * 1.4 2.1 .9 1 .0 .6 . 5 1.0 1. 3 . 2 .97 
retrieval to nest * 1.7 2.5 1.1 1 .1 1.6 2.7 2.6 4 . 0 . 4 .94 
retrieval to nonnest * .9 1.2 .8 1 .2 1.3 3.2 1.6 3 . 6 .6 .90 
total retrieval * 3.9 5.6 3.1 3 .3 3.5 5.8 5.8 5. 6 .6 .90 
nestbuilding " 2.4 2.2 2.5 2 .0 2.3 1.9 3.6 2. 6 1.2 .64 
contact with mate 27% 15.6 31% 13 .4 35% 15.5 37% 19. 6 2.0 .56 
alone 60% 23.3 50% 18 .3 44% 18.8 48% 26. 8 2.8 .43 
aggression with mate " 3.1 4.1 1.9 1 .9 2.0 2.0 2.1 1. 3 .3 .96 
mean represents the percentage of time spent in the behavior 
mean represents frequency of the behavior per hour 
N = 6, 8, 9, 14 
u> 
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Table 2. Spearman Rank Correlations Between Paternal Care 
Displayed by Fathers and Paternal Care Displayed by Sons for 
Days 1-10. 
Behaviors r2* £ 
on nest still .62 .01 
on nest moving .13 .64 
total on nest .25 .36 
total contact off nest .17 .55 
total contact .57 .03 
proximity -.07 .80 
pickup .27 .32 
retrieve to nonnest .25 .38 
retrieve to nest -.08 .76 
total retrieval .26 .35 
nestbuilding .09 •74 
alone .46 .08 
N = 15 
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paternal care from their father should display high levels 
of paternal care. Statistically significant correlations 
were not detected for any of the behaviors. 
Days 11-20. Comparisons of the four groups of males 
(Fl-NPC, Fl-PC, F2-PC, and F3-PC) revealed no differences 
for any of the behaviors (Table 3). 
In order to further test the predictions of the model, 
the paternal care displayed by a male was correlated with 
the paternal care displayed by his male offspring for each 
dependent variables during this time period (Table 4). 
There were no significant correlations between the paternal 
behavior displayed by a male and the paternal behavior 
displayed by his offspring for any of the dependent 
variables. 
Females 
Although paternal care was the main focus of this 
study, changes in maternal behavior were also investigated 
in an exploratory analysis. The behavior of females may be 
affected by her mate's presence during rearing of their 
offspring. In order to determine the effect of a male's 
presence on the maternal behavior of female montane voles, 
the behavior of females housed alone with their offspring 
(NPC) was compared to the behavior of females housed with 
their mate and offspring (Fl-NPC). Changes in the behavior 
of females as a result of the paternal presence across 
generations was investigated by comparing the behavior of 
Table 3. Means and Standard Deviations for Groups of Males and Results of a Kruskal-
Wallis Test Among All Groups of Males During Days 11-20. 
Fl-NPC Fl-PC F2-PC F3-PC Kruskal-Wallis 
Behaviors M SID M SD M SD M SD H" E 
total contact 47% 17.4 53% 21.6 56% 19.3 54% 27.6 . 6 .90 
proximity .5% .4 .8% .6 1% 1.4 3% 3.0 8.5 .04 
pickup * 1.0 1.1 .5 .9 .3 .4 .4 . 3 3.3 . 35 
retrieval * 2.2 3.1 2.1 2.5 2.6 5.8 2.0 2.9 .7 .88 
total retrieval " 3.1 4.1 2.6 2.6 2.9 5.9 2.4 3.1 .9 .83 
contact with mate 34% 12.6 30% 16.4 34% 18. 2 34% 17.7 . 5 .91 
alone 43% 16.0 40% 19.8 35% CO
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37% 24 . 3 .8 .86 
aggression with mate * 1.5 1.5 .8 .6 2.0 2.9 1.7 1.6 1.2 .74 
% mean represents the percentage of time spent in the behavior 
mean represents frequency of the behavior per hour 
N = 6, 8, 9, 14 
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Table 4. Spearman Rank Correlations Between Paternal Care 
Displayed by Fathers and Paternal Care Displayed by Sons 
Days 11-20. 
Behaviors r * i-2 E 
total contact -.07 .81 
proximity .58 .02 
pickup .12 .66 
retrieve .35 .20 
total retrieval .38 .16 
alone -.15 .60 
N = 37 
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females reared without their father (Fl-NPC) and the 
behavior of females reared with their father across 
generations (Fl-PC, F2-PC, F3-PC). Maternal behaviors 
during Days 1-10 and Days 11-20 were analyzed separately. 
Days 1-10. P values equal to or less than 0.05 were 
obtained for the overall comparisons of the five groups of 
females (NPC, Fl-NPC, Fl-PC, F2-PC, and F3-PC) for the 
behaviors of in time spent on the nest still, time spent on 
the nest moving, total time spent on the nest, total time 
spent in body contact off the nest, time spent in proximity, 
frequency of pickup, and frequency of nestbuilding ( for 
exact probabilities see Table 5). Comparisons were 
conducted between the NPC and Fl-NPC groups for these 
dependent variables in order to investigate the effect of a 
mate's presence on the behavior of females (Table 6). 
Comparisons between the NPC group and the Fl-NPC group 
revealed differences at the 0.05 level for time spent on the 
nest moving, total time spent on the nest, total time spent 
in body contact off the nest, time spent in proximity and 
frequency of pickup (Table 6) (Figures 4, 5, 6, 7, 8, 9, and 
10). 
In order to investigate the cross-generational effect 
of the male's presence during rearing, comparisons between 
the Fl-NPC group and the Fl-PC, F2-PC, and F3-PC groups were 
conducted separately (Table 7). The Fl-NPC group spent less 
time on the nest still than the F3-PC group (Figure 9). 
Table 5. Means and Standard Deviations for Groups of Females and Results of 
Kruskal-Wallis Test Among All Groups of Females During Days 1-10. 
NPC Fl' -NPC Fl -PC F2 -PC F3 -PC Kruskal' -Wallis 
Behaviors M Sfi M SD M SD M SD M SD H** E 
on nest 7% 
still 
9.2 10% 7.0 14% 9.8 14% 7.7 22% 6.5 13.0 .01 
on nest 14% 
moving 
12.7 44% 8.3 37% 9.4 38% 8.2 39% 7.1 21.5 <.01 
total 20% 
on nest 
19.8 54% 13.6 51% 11.8 53% 13.5 61% 12.2 17 . 5 <.01 
contact 35% 
off nest 
15.8 1% 1.4 1% 1.6 3% 3.4 1% 1.2 15. 7 <.01 
total 56% 
contact 
19.8 55% 13.4 53% 10.9 55% 12.6 62% 11. 2 3.6 .46 
proximity 1% 1.1 0% 0 0% .1 0% 0 0% 0 67 .7 <.01 
pickup* 2.5 3.2 6.4 3.4 3.9 5.9 2.9 2.0 1.2 .9 11.4 .02 
retrieval 8.3 
to nest * 
15.6 9.4 6.8 5.9 5.0 9.4 11.6 5.2 5.4 3.5 .48 
retrieval 9.0 
nonnest * 
9.5 1.5 2.3 .9 1.1 2.7 3.4 .7 .7 5.1 .27 
total 20.0 
retrieval * 
25.4 17.3 10.1 10.7 10.3 14.6 14.8 7.1 6.4 5.1 .28 
nest- 5.2 
building " 
5.3 11.6 8.0 11.0 4.7 7.7 4.3 6.1 2.2 10.5 .03 
alone 40% 35.6 36% 9.7 38% 8.1 35% 10.6 30% 5.9 7.3 .12 
% mean represents the percentage of time spent in the behavior 
mean represents frequency of the behavior per hour 
** N = 6. 8. 9. 9. 14 
Table 6. Results of Mann-Whitney U Comparisons for Females Days 1-10. 
NPC VS Fl-NPC Fl-NPC VS Fl-PC Fl-NPC VS F2-PC Fl-NPC VS F3-PC 
Behaviors 
on nest 
still 
on nest 
moving 
total 
on nest 
contact 
off nest 
proximity 
pickup 
nest-
building 
1 E 
24.0 .25 
3.0 <.01 
5.0 <.01 
66.5 <.01 
67.0 <.01 
12.5 .02 
17.0 .07 
H E 
38.0 .22 
84.0 .06 
64.0 .59 
50.5 .71 
46.0 .41 
90.0 .02 
51.5 .76 
H E 
24.0 .25 
53.0 .10 
41.0 .63 
27.0 .39 
40.0 .56 
60 .0  . 02  
44.5 .41 
H E 
3.0 .01 
35.0 .16 
15.0 .25 
21.5 .75 
25.0 .86 
45.5 .01 
29.5 .48 
<J1 
46 
60 
55 
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NPC Fl-NPC Fl-PC F2-PC F3-PC 
Groups of Females 
Figure 4. Time spent on the nest moving for groups of 
females during Days 1-10. 
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NPC Fl-NPC Fl-PC F2-PC F3-PC 
Groups of Females 
Figure 5. Time spent on nest for groups of females during 
Days 1-10. 
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Figure 6. Time spent in contact off nest for groups of 
females during Days 1-10. 
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of females during Days 1-10. 
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Figure 8. Frequency of pickup per hour for groups of 
females during Days 1-10. 
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Figure 9. Time spent on nest still for groups of females 
during Days 1-10. 
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Figure 10. Frequency of nestbuilding per hour for groups of 
females during Days 1-10. 
Table 7. Results of Kruskal-Wallis One-way Analysis of 
Variance for Females in Groups Fl-PC, F2-PC, and F3-PC 
Days 1-10. 
Behaviors H! E 
on nest still 3.9 .14 
on nest moving .4 .83 
total on nest 2.8 .25 
contact off nest 1.1 .58 
proximity 2.1 .34 
pickup 2.6 .28 
nestbuilding 7.5 .02 
N = 8, 9, 14 
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Comparisons between the Fl-NPC group and the Fl-PC, F2-PC, 
and F3-PC groups showed that the Fl-NPC group displayed a 
higher frequency of pickup than each of the three comparison 
groups (Figure 8). 
Comparisons across the generations of females reared 
with their father found differences in the frequency of 
nestbuilding across the three generations (Figure 10). 
Days 11-20. P values equal to or less than 0.05 were 
found for the overall comparisons of the five groups of 
females (NPC, Fl-NPC, Fl-PC, F2-PC, and F3-PC) during Days 
11-20 for time spent in proximity, frequency of pickup, 
frequency of retrieval, and total frequency of retrieval 
(Table 8). In order to assess the effect of the male's 
presence on the female's behavior, the behavior of the NPC 
females was compared to the behavior of the Fl-NPC group 
(Table 9). The NPC females displayed more frequent pickup 
(Figure 11), more frequent retrieval (Figure 12), and more 
frequent total retrieval (Figure 13). 
Independent comparisons between Fl-NPC group and the 
Fl-PC, F2-PC, and F3-PC groups are reported in Table 9. 
Time spent in proximity differed between the Fl-NPC group 
and the F3-PC group, with the F3-PC group spending more time 
in proximity (Figure 14). 
Comparisons between the three generations of females 
reared with their father are found in Table 10. The 
Table 8. Means and Standard Deviations for Groups of Females and Results of a 
Kruskal-Wallis Test Among All Groups of Females for Days 11-20. 
NPC Fl-NPC FX-PC F2-PC F3-PC Kruskal-Wallis 
Behaviors M SD M SD M SD M SD M SD E 
total 50% 9.3 57% 12.4 54% 15.2 51% 14.6 50% 10.3 1.7 .79 
contact 
proximity 1% .9 0% .2 1% .7 1% 1.2 1% .6 9.9 .04 
pickup" 6.8 5.6 1.1 1.1 .4 .5 .5 .3 .7 .7 14.0 .01 
retrieve* 24.7 17.0 7.7 6.2 5.5 5.3 5.6 5.0 7.7 8.1 10.6 .03 
total 31.5 22.1 9.0 6.8 6.0 5.4 6.1 5.0 8.4 8.7 12.3 .02 
retrieval " 
alone 49% 8.5 34% 11.0 38% 13.2 40% 13.8 42% 7.6 8.0 .09 
% mean represents the percentage of time spent in the behavior 
* mean represents frequency of the behavior per hour 
** N = 6, 8, 9, 9, 14 
Ul 
U1 
Table 9. Results of Mann Whitney U Comparisons for Females Days 11-20. 
NPC VS Fl-NPC Fl-NPC VS Fl-PC Fl-NPC VS F2-PC Fl-NPC VS F3-PC 
Behaviors HE H  E H  E H e  
proximity 18.5 .09 39.5 .18 18.5 .09 8.0 .04 
pickup 57.5 .04 81.5 .08 45.0 .38 28.5 .55 
retrieve 60.0 .02 75.0 .33 43.0 .50 26.0 .79 
total 60.0 .02 70.5 .32 44.5 .41 27.0 .70 
retrieval 
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Figure 11. Frequency of pickup per hour for groups of 
females Days 11-20. 
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Figure 12. Frequency of retrieval per hour for groups of 
females during Days 11-20. 
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Figure 13. Frequency of total retrieval per hour for groups 
of females during Days 11-20. 
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Figure 14. Time spent in proximity for groups of females 
during Days 11-20. 
61 
Table 10. Results of Kruskal-Wallis One-Way Analysis of 
Variance for Females in Groups Fl-PC, F2-PC, and F3-PC for 
Days 11-20. 
Behaviors H* p 
proximity .8 .66 
pickup 1.7 .43 
retrieve .6 .76 
total retrieval .6 .72 
N = 6, 9, 14 
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behaviors of the females do not appear to have changed 
across the three generations. 
Male and Female Aggression. 
In order to assess the influence of aggression between 
mated pairs on the paternal behaviors of the male, 
aggression between the male and female was correlated with 
each paternal behavior for Days 1-10 and Days 11-20. 
Days 1-10. Positive correlations were found for the 
behaviors of time spent alone and retrieval to the nest 
(Table 11). Furthermore, aggression between the male and 
female was negatively correlated with the amount of time the 
male spent on the nest moving, the total amount of time the 
male spent on the nest, and the total amount of time the 
male spent in contact with his offspring. 
Days 11-20. During this time period, total time spent 
in contact with the offspring and contact between the male 
and female were negatively correlated with aggression (Table 
12). The remaining behaviors were positively correlated 
with aggression between the male and female. 
Parental Experience Received by Pups. 
The parental experiences received by pups in the five 
groups (NPC, Fl-NPC, Fl—PC, F2-PC, F3-PC) were compared by 
combining the scores of the male and female parents for 
groups Fl-NPC, Fl-PC, F2-PC, and F3-PC for each dependent 
variable, except contact with mate, aggression with mate, 
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Table ll. Spearman Rank Correlations Between Male and 
Female Aggression and Paternal Care Displayed by Males for 
Days 1-10. 
Behaviors r * i-2 E 
on nest still -.28 .10 
on nest moving -.41 .01 
total on nest -.38 .02 
total contact off nest .19 .26 
total contact -.37 .03 
proximity .04 .81 
pickup .11 .50 
retrieve to nonnest .17 .33 
retrieve to nest .36 .03 
total retrieval .18 .28 
nestbuilding .16 .35 
contact with mate -.26 .13 
alone .32 .05 
N = 37 
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Table 12. Spearman Rank Correlations Between Male and 
Female Aggression and Paternal Care Displayed by Males for 
Days 11-20. 
Behaviors r/ E 
total contact -.41 .01 
proximity .47 <•01 
pickup .47 .00 
retrieve .32 .05 
total retrieval .40 .01 
contact with mate -.27 .10 
alone .41 .01 
N = 37 
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and time spent alone. The females' scores alone were used 
for the NPC group. 
Days 1-10. Comparisons among the groups for Days 1-10 
revealed p values of 0.05 or less for all dependent 
variables with the exception of retrieval to nest, retrieval 
to nonnest, and total retrieval (Table 13). 
Additional comparisons were conducted for these 
dependent variables (Table 14). The experiences of pups 
reared with only their mother (NPC) were compared with the 
experiences of pups when the male parent was present (Fl-
NPC). Comparisons between the NPC group and the Fl-NPC 
group found differences in the experiences of the pups for 
all of these dependent variables except time spent on the 
nest still. 
The experiences of pups in the Fl-NPC group were 
compared to the experiences of pups in the Fl-PC, F2-PC, and 
F3-PC groups to assess changes across the generations. 
Comparisons between the Fl-NPC group and the Fl-PC group 
suggested no differences for the dependent variables (Table 
14). Frequency of pickup differed between the Fl-NPC and 
F2-PC groups and the Fl-NPC and F3-PC groups. On the nest 
still differed between the Fl-NPC and F3-PC group. 
When the three generations were compared (Fl-PC, F2-PC, 
and F3-PC) nestbuilding was the only experience found to 
differ among the groups (Table 15). 
Table 13. Means and Standard Deviations for Parental Experiences of Pups and Results 
of a Kruskal-Wallis Test Among All Groups During Days 1-10. 
NPC F1 -NPC PI' -PC F2 -PC F3 -"PC Kruskal -Wallis 
Behaviors M SD M SD M SD M SD M SD H" E 
on nest 
still 
7% 9.2 20% 18.8 32% 27.8 33% 15.0 41% 20.7 15.3 <.01 
on nest 
moving 
14% 12.7 59% 23.6 58% 8.7 66% 14.8 63% 17.6 21.6 <.01 
total 
on nest 
20% 19.8 84% 32.2 91% 26.7 88% 38.8 104% 34.1 20.2 <.01 
contact 
off nest 
35% 15.8 2% 2.2 3% 2.6 5% 5.3 2% 1.9 15,0 .01 
total 
contact 
56% 19.8 83% 31.9 94% 25.8 102% 26.3 106% 33.1 14.9 .01 
proximity 1% 1.1 0% .1 0% .3 0% . 1 0% 0 19.1 <.01 
pickup " 2.5 3.2 7.7 4.3 5.1 6.5 3.4 2.1 2.2 1.4 9.9 .04 
retrieval 
to nest * 
8.3 15.6 11.1 8.0 7.0 5.5 11.0 12.9 7.9 5.4 4.0 .41 
retrieval 
nonnest * 
9.0 9.5 2.4 3.1 1.7 1.9 4.0 6.4 2.3 3.9 2.6 .63 
total 
retrieval " 
20.0 25.4 21.2 13.5 13.2 11.7 17.9 17.5 13.1 9.8 2.0 .74 
nest-
building * 
5.2 5.3 13.9 9.2 13.5 4.8 10.0 4 . 9 8.5 1.5 13.0 .01 
% mean represents the percentage of time spent in the behavior 
mean represents frequency of the behavior per hour 
** .N = 6, 8, 9, 9, 14 
C\ 
ON 
Table 14. Results of Mann-Whitney U Comparisons for Parental Behavior Received 
by Pups for Days 1-10. 
NPC vs Fl-NPC Fl-NPC vs Fl-PC Fl-NPC VS F2-PC Fl-NPC VS F3-PC 
Behaviors U g HE HE 
on nest 19.0 .09 38.0 .22 19.0 .10 8.0 .04 
still 
on nest 4.0 <.01 59.0 .84 29.0 .50 24.0 .99 
moving 
total 2.0 <.01 48.0 .59 24.0 .25 16.0 .30 
on nest 
contact 5.0 <.01 45.0 .45 45.5 .36 20.5 .65 
off nest 
total 13.0 .03 43.0 .37 24.0 .25 16.0 .30 
contact 
proximity 64.0 .01 55.5 .97 45.5 .22 30.0 .33 
pickup 10.5 .01 83.5 .06 60.5 .02 5.0 .01 
nest- 13.5 .03 45.0 .45 46.0 .34 28.0 .61 
building 
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Table 15. Results of Kruskal-Wallis One-Way Analysis of 
Variance for Parental Behavior Received by Pups Among Groups 
Fl-PC, F2-PC, and F3-PC for Days 1-10 . 
Behaviors HI P 
on nest still 1.6 .46 
on nest moving 2.5 .29 
total on nest .8 .67 
contact off nest .2 .90 
total contact .1 .96 
proximity 2.2 .33 
pickup .8 .68 
nestbuilding 6.4 .04 
N = 8, 9, 14 
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Davs 11-20. Comparisons among the five groups (NPC, 
Fl-NPC, Fl-PC, F2-PC, and F3-PC) revealed p values less than 
or equal to .05 for the experiences of total contact, 
proximity, and pickup (Table 16). Further comparisons were 
conducted with these dependent variables. The experiences 
of pups reared with only their mother (NPC) were compared to 
the experiences of pups reared with both parents (Fl-NPC). 
Pups in the NPC group received less total contact and less 
proximity than pups in the Fl-NPC group (Table 17). 
In order to detect possible changes in the experiences 
of pups across generations, the Fl-NPC group was compared 
with the Fl-PC, F2-PC, and F3-PC groups separately (Table 
17). Differences in proximity were suggested between the 
Fl-NPC group and the Fl-PC and F3-PC groups. 
Comparisons between the three generations reared with 
their father (Fl-PC, F2-PC, and F3-PC) did not suggest 
differences for any of the dependent variables (Table 18). 
Observer Reliability 
Intra-rater Reliability. In order to assess intra-
rater reliability, the experimenter scored and rescored four 
sessions. The scores from each session were compared for 
the adults present (only the female was present for two 
sessions). A Spearman Rank Correlation of 0.95 was found 
for the four sessions. 
Inter-rater Reliability. Five recorded sessions were 
scored by the experimenter and an observer described 
Table 16. Means and Standard Deviations for Parental Experiences of Pups and Results 
of a Kruskal-Wallis Test Among All Groups for Days 11-20. 
Behaviors 
total 
contact 
proximity 
NPC Fl-NPC 
M SD M SD 
50% 9.3 101% 27.1 
1% .9 1% .5 
Fl-PC F2-PC 
M SD M SD 
108% 31.28 106% 30.5 
2% 1.2 3% 2.5 
F3-PC 
M SD 
104% 36.3 
4% 1.4 
Kruskal-Wallis 
id E 
18.5 
13.3 
<.01 
. 0 1  
pickup' 6.8 5.6 2.0 1.8 1.0 1.3 1.1 .9 9.5 .05 
retrieve 24.7 17.0 9.9 8.5 9.9 11.4 8.2 7.7 9.7 8.7 7.4 .12 
total 
retrieval * 
31.5 22.1 12.1 9.8 8.5 5.8 9.0 7.6 10.8 9.5 8.5 . 0 8  
% mean represents the percentage of time spent in the behavior 
mean represents frequency of the behavior per hour 
N = 6. 8. 9, 9. 14 
Table 17. Results of Mann-Whitney U Comparisons for Parental Behavior Received 
by Pups for Days 11-20. 
NPC VS Fl-NPC Fl-NPC VS Fl-PC Fl-NPC VS F2-PC Fl-NPC vs F3-PC' 
Behaviors HE HE U £> 
total 1.0 .00 47.0 .54 29.0 .50 23.0 .89 
contact 
proximity 14.0 .05 10.0 .01 22.0 .20 6.0 .02 
pickup 54.0 .10 76.0 .17 47.0 .29 19.5 .56 
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Table 18. Results of Kruskal-Wallis One-Way Analysis of 
Variance for Parental Behavior Received by Pups Among Groups 
Fl-PC, F2-PC, and F3-PC for Days 11-20. 
Behaviors H* £ 
total contact .1 .95 
proximity 1.7 .41 
pickup .7 .70 
retrieve .3 .86 
N = 6, 9, 14 
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earlier. A Spearman Rank Correlation of 0.82 was found when 
using the scores from the two observers. 
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CHAPTER III 
DISCUSSION 
Changes in Paternal Behavior 
According to the model, male montane voles reared with 
their father should display more paternal care than their 
fathers (Figure 1). Furthermore, if males are reared with 
their father for several generations, an increase in 
paternal care should be observed across the generations. In 
the present study males were reared with their father for 
three generations, but their paternal behavior showed no 
change. Therefore, the predictions of the model were not 
supported. Futhermore, the predicted relationship between 
the amount of care a male receives and the amount of care he 
displays was not supported by the correlations between the 
amount of paternal care a male's father displays and the 
amount of care a male displays. 
The extensive changes in paternal care across 
generations as a result of the paternal presence predicted 
by the model could not be detected in this study. It might 
be that changes in male parental behavior as a result of the 
paternal presence require many more generations to be 
observable. This study involved only three generations and 
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substantial behavioral changes after such a short time would 
be considered extraordinarily rapid change. 
Typically, empirical studies have found very low levels 
of paternal care in male montane voles (Hartung & Dewsbury, 
1979; McGuire & Novak, 1986). In the present study, males 
(Fl-NPC) reared under the species typical condition (father 
absent) spent, on average, 31% of their time in contact with 
their pups, retrieved pups 3.9 times per hour, and were 
observed nestbuilding 2.4 times per hour during Days 1-10. 
These males did engage in paternal behaviors. One of these 
behaviors, the time a male spent in contact with his 
offspring, was found to vary considerably among the males. 
The time a male reared without his father spent in contact 
with his offspring ranged from 12% to 73%. Therefore, when 
examined individually, some males reared under species-
typical conditions displayed very high levels of pup 
contact, while other males displayed very low levels. Two 
of the eight males in this group spent over 65% of their 
time in contact with their offspring. Six of the eight 
females in this same group did not spent as much time in 
contact with their offspring. These two males appeared to 
display high levels of contact. In fact, the percentage of 
time they spent in contact with their pups was higher than 
the mean percentage of time spent in contact with the pups 
by the females in this group. The factors involved in the 
development of this high level of contact by these 
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individual males cannot be determined by the present 
investigation. 
In order to further understand the role of paternal 
care in the development of paternal behaviors, future 
studies might take advantage of the variation found in the 
amount of time montane vole males spend in contact with 
their pups. In order to determine the importance of 
paternal contact in the development of contact behaviors by 
males, male montane vole pups could be in-fostered to male 
parents identified as high or low contact parents. Male 
parents could be identified as high or low contact parents 
by observing their behavior with previous litters. In 
addition, their behaviors with the foster litter could be 
quantified through observations. If paternal contact is 
important in the development of contact behaviors, male pups 
reared with male foster parents that display high levels of 
contact should display high levels of contact with their own 
offspring. Likewise, male pups reared with male foster 
parents that display low levels of contact should display 
low levels of contact with their own offspring. This method 
would allow more control over the paternal experiences 
received by male pups than was present in this study. The 
level of contact received by male pups could be controlled 
and varied though in-fostering. 
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Changes in Maternal Behavior 
Changes in Maternal Behavior Due to the Paternal 
Presence. Although the model did not make predictions about 
changes in the behavior of females as a result of the 
paternal presence, interesting alterations were found in the 
females' behaviors as a result of both their mates' presence 
and their fathers' presence. The presence of a female's 
mate appeared to result in a number of behavioral changes, 
including changes in contact, proximity, and retrieval 
behaviors. 
Previous studies have found changes in the parental 
behavior of females as a result of their mates' presence. 
Ahroon and Fidura (1976) found that paternal presence was 
disruptive to maternal behavior in Mongolian gerbils to the 
extent that pups were believed to have died from neglect 
(however see Klippel, 1970). The maternal behavior of 
California mice was also affected by the presence of the 
male parent (Dudley, 1974a). Females spent less time with 
their pups when their mate was present. Nestbuilding and 
pup-licking were reduced by female gerbils when the male was 
present (Elwood & Broom, 1978). Although Priestnall & 
Young (1977) did not find changes in the maternal behaviors 
of house mice when the father was present, Wuensch & Cooper 
(1981) reported an increase in nestbuilding by females 
during the first days after birth and a reduction in pup-
licking and manipulating during the third week after the 
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birth of the pups. Therefore, the presence of the male 
parent appears to alter the parental behaviors of females in 
at least a few species of rodents. 
By what means did the father's presence alter maternal 
behavior in montane voles? Elwood and Broom (1978) suggest 
that the presence of the male parent accelerates the growth 
of the pups and alters the behavior of the pups through the 
warmth the male provides to the pups. This altered 
maturation and behavior of the pups in turn alters the 
behavior of the mother. In addition, exposure to male urine 
might alter the parental behavior of females. Exposure to 
male urine during the rearing of offspring increased 
maternal behavior in grasshopper mice (Duvall et al., 1982). 
Therefore, in this study the presence of the father may have 
altered maternal behavior through changes in the development 
and behavior of the pups and/or exposure to the male's 
urine. 
Rearing pups with their father alters the maternal care 
they receive in the first generation. This altered 
maternal care might influence the parental behaviors the 
pups display toward their own offspring. However, this 
change in maternal care might be offset by paternal care 
(Wuensch, 1985; Wuensch & Cooper, 1981). Male parents might 
provide paternal care, such as brooding and licking, when 
the female decreases these behaviors in the presence of the 
male. Therefore, the pups may receive similar levels of 
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parental care when the behaviors of both the male and female 
are combined. 
When the parental care received by pups reared with 
(NPC) and without their fathers (Fl-NPC) was examined in 
this study, the parental care received by the pups in the 
two groups was considerably different. Pups reared with 
their fathers appeared to receive more contact and spent 
less time in proximity to their parents during the first ten 
days and spent more time in contact with and proximity to 
their parents during the last ten days, and were picked up 
more often during the first ten days and less often during 
the last ten days than pups reared by their mother alone. 
The male parent may do more than compensate for changes in 
the female's behavior in montane voles. In fact, reductions 
in the amount of time the female spent on the nest with the 
pups as a result of the paternal presence were not observed 
in this study, as was the case in the previously discussed 
investigations. The presence of the male further increased 
the contact received by the pups during Days 1-10 and Days 
11-20, rather than compensating for a reduction in maternal 
contact. Likewise, during the first ten days, an increase 
in the frequency of picking up the pups was observed by the 
female in the male's presence. The pickups by the male 
would then further increase the frequency of this behavior. 
During Days 11-20, the presence of the male reduced the 
frequency of retrieval behaviors by the female, and the male 
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may have compensated for this reduced retrieval by the 
female by increasing his retrieval. The retrieval received 
by pups during this time period was not different for the 
NPC and Fl-NPC groups. Therefore, if the retrieval behavior 
of the female decreased, but the retrieval received by the 
pups did not change, the male's retrieval must have 
compensated for the reduced retrieval by the female. 
Similar changes were noted in the amount of time the adults 
spent in proximity to the pups during the first ten days. 
Pups reared with their father spent less time in proximity 
to their parents than pups reared by their mother during 
Days 1-10. However, during the last ten days, pups reared 
with their father spent more time in proximity to their 
parents than pups reared without their father. Therefore, 
rather than simply compensating for changes in the female's 
behavior, the male's presence may provoke extensive changes 
in the parental experience of the pups both through the care 
he provides and through changes in the female's behavior. 
Cross-Generational Effects of the Paternal Presence. 
The father's presence altered the parental care received by 
pups in the Fl-NPC group. When these animals were reared 
with their fathers for three subsequent generations, 
additional changes in maternal behavior were observed. 
Alterations were detected in female's still contact on the 
nest, nest building, and pickup behaviors during Days 1-10 
and the time they spent in proximity to their offspring 
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during Days 11-20. The parental behavior displayed by a 
female appears to be influenced by her father's presence 
during early development. Furthermore, the presence of her 
mate during the rearing of offspring also influences the 
female's maternal behavior. 
Interestingly, time spent on the nest still and 
nestbuilding during Days 1-10 and time spent in proximity to 
pups during Days 11-20 by females appeared to be affected by 
the paternal presence across generations during Days 1-10. 
However, these behaviors by the female did not appear to be 
affected by her mate's presence when comparisons were made 
between the NPC and Fl-NPC groups. Frequency of pickup was 
affected by both the paternal presence of the male across 
generations and the presence of the female's mate during 
Days 1-10. Maternal behaviors appear to be affected 
differently by these two manipulations. 
Elwood (1979) provides evidence that maternal and 
paternal behavior is multidimensional by correlating the 
paternal and maternal behaviors displayed by male and female 
Mongolian gerbils. Some maternal behaviors were found to be 
positively correlated, others were found to be negatively 
correlated, and others were not correlated with each other. 
For example, licking pups and nestbuilding were positively 
correlated, while contact with pups off the nest and time 
spent on the nest were negatively correlated. Similar 
results were found for paternal behaviors. Therefore, 
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parental care cannot be represented by one parental care 
behavior. Parental care is multidimensional. Likewise, 
these various behaviors that define parental care may be 
influenced by different conditions. Some behaviors may be 
influenced by the presence of the male, while other 
behaviors are influenced by the presence of the father 
during development, as found in this investigation. 
Furthermore, some parental care behaviors may be influenced 
by both environmental circumstances. 
Generation Effects of Paternal Presence 
Pups reared in the Fl-NPC group were exposed to altered 
rates of contact, proximity, and pickup. This altered 
rearing environment might have produced small changes in the 
parental behaviors of these animals. Such as the changes 
detected for the frequency of pickup displayed by females in 
the Fl-PC group. However, if this change and additional 
small changes occurred, the parental care received by the 
pups in the Fl-PC group would have been different from the 
parental care received by their parents. A change in the 
parental experience of these pups was detected for the 
behavior of proximity during Days 11-20. Perhaps small, but 
undetectable, changes in other parental experiences 
occurred. 
These small changes in the parental behavior 
experienced by the Fl-PC pups might have resulted in 
additional alterations in the parental behaviors they 
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displayed towards their own offspring. In fact, changes 
were detected for the behavior of pickup for females during 
Days 1-10 in the F2-PC group. However, small undetectable 
changes may have also occurred. Due to these possible 
changes, the parental care experienced by the pups might 
have been further altered. Alterations in parental care 
received by the pups in group F2-PC were detected for 
frequency of pickup during Days 1-10, however, additional 
undetectable and small alterations may have occurred. 
If the pups reared in the F2-PC group were exposed to 
this altered parental care, they might display further 
changes in parental behaviors. The F3-PC females did appear 
to display changes in time spent on the nest still, 
frequency of pickup, and frequency of nestbuilding during 
Days 1-10 and time spent in proximity to pups during Days 
11-20. These changes in parental care might then alter the 
parental care received by the pups reared in this group. 
These changes in parental care experienced were detected for 
still contact received on the nest and the frequency of 
pickup during Days 1-10 and the time spent in proximity 
during Days 11-20. Additional changes in the parental 
behaviors of these pups might be predicted when they became 
parents, but were not investigated in this study. 
If additional generations were reared with their 
father, additional changes might be detected in the parental 
behaviors displayed by males and females and in parental 
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care received by pups. In terms of evolution, changes in 
species-typical behavior patterns over the course of three 
generations is rapid. Furthermore, the study of additional 
generations would allow the investigation of the stability 
of these changes in parental care. Parental care might 
stabilize after a number of generations. 
Gender Differences 
Changes in maternal behavior appeared wo occur across 
the generations, while changes in paternal behavior was not 
detected. Perhaps the paternal presence across generations 
plays a larger role in the development and evolution of 
maternal than paternal behavior. The paternal presence 
during rearing might result in greater alterations in the 
parental care received by female than male pups. The male 
parents might behave differently toward female pups, or the 
presence of the male might result in the mother behaving 
differently toward the female pups. 
Previous studies have found differences in the maternal 
care received by male and female pups (Clark, Bone, & Galef, 
1990; Mendl & Paul, 1991; Moore & Morelli, 1979). Female 
rats lick the anogenital regions of sons more frequently 
than daughters (Moore & Morelli, 1979). Mongolian gerbil 
mothers brood and nurse male offspring more than female 
offspring (Clark, Bone, & Galef, 1990). House mice females 
display less maternal care with all-male litters than with 
litters containing one male and three female pups (Mendl & 
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Paul, 1991). Therefore, the parental care received by pups 
within a litter may be affected by the gender of the pups. 
Perhaps, when female montane voles were reared with their 
father they experienced different parental care than did 
males reared with their father. This gender difference in 
parental care received might account for the gender 
differences observed in this study in changes in parental 
behaviors across generations. 
A Revised Model 
Because the finding of this study did not support the 
predictions of the model, modifications in the model were 
required. The data from this study indicate that the 
presence of the father during rearing influences the 
development of both maternal care. Furthermore, the 
behavior of females was influenced by the presence of their 
mates. As stated previously, if changes were detected in 
the female's behavior, then the role of changes in maternal 
behavior must be incorporated into the model. Furthermore, 
paternal care behaviors were associated with aggression 
between the male and female. Previous studies have examined 
the relationship between maternal and paternal care. Some 
parental behaviors of the male and female Mongolian gerbil 
are correlated and the pair seems to coordinate time spent 
on the nest (Elwood, 1979; Waring & Perper, 1980). Maternal 
and paternal care do not occur in isolation in biparental 
species. As demonstrated by the results from this study, 
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maternal care can be influenced by the presence of the male 
parent and paternal care may be influenced by aggression 
between the male and female. Therefore, paternal care might 
be influenced by the behavior of the female. Rather than 
investigating the development and evolution of paternal care 
in isolation, a more illuminating approach might be to 
attempt to understand the development and evolution of a 
biparental care system. 
A revised model for the development and evolution of a 
biparental care system is presented in Figure 15. As in the 
earlier version, this model begins with a species in which 
the male abandons his mate and offspring after copulation. 
Next, an ecological change occurs that increases the 
likelihood that the male will remain at the natal nest, 
where he displays a small amount of paternal care. In this 
new model, the result of the male's presence at the natal 
nest is to alter the female's maternal behaviors. In 
addition to the present findings other studies, discussed 
earlier, have found alterations in the female's maternal 
behavior as a result of the male parent's presence. The 
female's behavior also seems to affect the male's behavior 
through aggression between the mated pair. Therefore, the 
parental care received by the first generation of pups (Fx) 
reared with their father is altered because of the father's 
presence and the maternal care they receive. 
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Initial State: 
Males Abandon Mate and Offspring 
Ecological Change 
' Males Remain at the Natal 
Nest and Display Little Paternal Care 
Females Maternal Behavior 
is Altered 
Pups Receive Altered 
Parental Care 
Adult Males Show an Increased 
Tendency to Provide Ftrtetnal Care 
Adult Females Display Altered 
Maternal Behaviors 
Figure 15. A revised developmental model for the evolution 
of a biparental care system. 
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As a result of this altered developmental environment, 
these animals are predicted to display altered parental 
behaviors towards their own offspring (F2). The males are 
predicted to display a small, and perhaps undetectable, 
increased tendency to provide paternal care and the females 
are predicted to display altered maternal behaviors, as 
supported by the present findings. As illustrated by the 
findings of this study, individual maternal care behaviors 
may increase, decrease, or remain unchanged. The pups of 
these pairs will receive parental care that is both species 
atypical and different from the parental care that the 
parents received as pups. 
These second-generation animals are expected to display 
further alterations in parental behaviors as a result of the 
altered developmental environment. Their pups (F3) will 
receive even more altered parental care, perpetuating the 
system. Therefore, this model, like that presented 
previously, predicts a self-perpetuating system for the 
development and evolution of parental behaviors. 
Both models rely on an initial ecological change to 
produce a behavior change, which then initiates a self-
perpetuating system for further changes in parental 
behavior. However, the revised model incorporates the 
interactions of the male and female in determining, in part, 
the parental care received by the offspring. In addition, 
the model considers changes in the females' behavior, rather 
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than only changes in the behavior of males through altered 
parental care. 
The results suggest that three generations is 
sufficient for extensive changes in parental care behaviors 
to be observable. Changes in maternal began to appear in 
the second and third generations. Several generations might 
be required before the extensive changes predicted by the 
model are detected with inferential statistics. In 
addition, changes in the various parental behaviors might 
become detectable in different generations. Small changes 
in parental care between generations might eventually, over 
the course of a number of generations, result in a phenotype 
extensively different from the original, species-typical 
parental behavior pattern. 
Natural Selection 
As discussion earlier, according to the neo-Darwinian 
approach to evolution, evolution involves changes in gene 
frequencies across generations. Gray (1992), however, 
presents a different approach to defining evolution. 
Evolution involves changes across generations, but these 
changes are in "the distribution and components of 
populations of developmental systems" (p. 182), not changes 
in gene frequencies. Furthermore, populations do not 
evolve. What evolves are population-environment relations. 
Transgenerational changes in population-environment 
relations could occur through changes in any component that 
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contributes to the development of organisms. Gray lists 
these components as cytoplasmic factors, chemical traces 
from parental foraging, gut micro-organisms, social 
traditions, geographic range, and genes. I would like to 
add parental behavior as a component that contributes to the 
development of organisms and I would propose that changes in 
parental behavior might alter the population-environment 
relations. 
Gray goes on to argue that there is "no a priori reason 
to assume that extra-genetic changes are more or less 
reversible than genetic changes (pp. 183)." Extra-genetic 
changes in the developmental system can persist across 
generations without genetic changes, although genetic and 
extra-genetic changes might occur together. I am presenting 
changes in the parental care system as an extra-genetic 
change in the developmental system that might persist across 
generations. 
Finally, Gray argues that the neo-Darwinian 
conceptualization of the genes as the unit of selection is 
misdirected. According to Gray, genetic factors are not 
replicated across generations; rather developmental systems 
are replicated. The unit of replication is a pattern of 
developmental interactions. "From a developmental systems 
perspective all aspects of the developmental system are part 
of the replicator process and all are interactors (p. 188)." 
I am presenting the parental care system as one aspect of 
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the developmental system and it is the parental care system 
that is replicated across the generations. 
Assuming that the revised model is accurate in its 
prediction that the parental care system can be altered as a 
result of the interactions between the male and female and 
the parental care received, the role of natural selection in 
the evolution of a biparental care system must be 
considered. If the ecological change in the first step of 
the model occurs and results in some of the members of a 
population of montane voles remaining with their offspring, 
the findings of this study would predict changes in the 
maternal behaviors of the mates of these males. The 
parental care environment would be species-atypical. The 
male would be present at the natal nest and the female would 
display species-atypical maternal care patterns. 
If only some of the males responded to the 
environmental change by remaining at the nest with their 
mate, an increase in the variability of the parental care 
system observed within the population would be predicted by 
the reported findings of this study. Some males would be 
mating with females and abandoning them and the pups would 
be reared in the species-typical parental care system. 
However, the pups of males remaining at the natal nest would 
be reared in a biparental care system with altered maternal 
care. 
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In some ecological conditions the biparental care 
system might contribute more offspring to the next 
generation. For example, in an area with many predators, 
two parents might be more successful at defending their 
offspring and/or alerting their offspring to danger from 
predators or conspecifics especially if as this study has 
shown, males reared by both parents tend to remain closer to 
their offspring than males reared by their mothers alone. 
In other circumstances, faster maturation and increase body 
size at weaning might increase the survival rates of pups. 
A biparental care system might accelerate the development of 
the offspring and might result in larger offspring at 
weaning. In fact, studies have found increased maturation 
rates and increased body weights at weaning when pups are 
reared with both parents for some species of rodents (Elwood 
& Broom, 1978; Fullerton & Cowley, 1971; Wang & Novak, 
1992). 
If the biparental care system contributed more 
offspring to the next generation than the species-typical 
parental care system, the second generation would contain 
more individuals likely to display a biparental care system 
than the first generation because animals reared in a 
biparental care system would be expected to display a 
biparental care system. The original ecological change 
would not be necessary to perpetuate the biparental care 
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system. According to this model, this system is self-
perpetuating and will be passed from parent to offspring. 
The biparental care system displayed by the second-
generation animals that were reared with both parents is 
predicted to be slightly different from the biparental care 
system displayed by some members of the first generation. 
If this revised biparental care system continues to 
contribute more offspring to the next (third) generation 
than the species-typical care system, the number of animals 
displaying the biparental care system would increase in the 
third generation because more of the animals were reared by 
both of their parents and as a result, will display 
biparental care. 
Therefore, in certain environmental circumstances, if a 
biparental care system produces more offspring than were 
produced by a uniparental care system, the frequency of the 
biparental care system within the population will increase 
across generations. Furthermore, the biparental care system 
might continue to change across the generations. If 
biparental care becomes persistent across the generations, 
then evolution of the parental care system has occurred. 
The neo-Darwinian account of evolution might explain 
the initial variation in parental care produced by an 
ecological change as the result of genetic "traits for 
flexibility" (Lott, 1991, p. 10). However, the neo-
Darwinian account cannot explain the changes in the 
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biparental care system across the three generations observed 
in this investigation. If evolution is defined as a 
persistent change in the frequency of a phenotype across 
generations, and this change in the' parental care system was 
found to be stable across a number of generations, then 
evolution occurred and cannot be accounted for by neo-
Darwinism. 
The purpose of this investigation has been to provide a 
model to improve our understanding of the development and 
evolution of parental behaviors. Predictions of the first 
model presented were tested and the results provided some 
support for the model. However, the model clearly failed to 
consider the importance of the interactions between the male 
and female in a biparental situation and the extensive 
changes in paternal care behaviors predicted by the model 
proved overly ambitious in the limited number of studied 
generations. Therefore, this revised model has attempted to 
incorporate the findings of the study. The importance of 
the interactions of the male and female have been stressed 
and, in addition, the testing of the model must be carried 
out for more generations. Finally, additional studies 
are needed to determine the mechanisms for the behavioral 
changes detected in this investigation. 
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Appendix 
Ethogram of Behaviors for Days 1-10 and Days 11-20 
I. Behaviors for Days 1-10 
A. Scan Sampling 
1. on the nest and still the animal is on the nest 
and in contact with at 
least one pup and no 
movement can be detected 
2. on the nest and moving the animal is on the nest 
and in contact with at 
least one pup and 
movement can be detected 
3. body contact off the nest the animal is in physical 
contact with at least one 
pup off the nest 
the animal is within one 
inch of a pup off the 
nest 
the animal is in physical 
contact with its mate 
the animal is not in 
contact with another 
animal and is at least 
one inch away from all 
pups 
the animal picks up a pup 
in its mouth and moves 
the pup no more than one 
inch before releasing the 
pup 
2. retrieve to nonnest the animal pickups up the 
pup in its mouth and 
moves the pup more than 
one inch before releasing 
the pup onto a location 
other than the nest 
4. proximity 
5. contact with mate 
6. alone 
B. Ad Lib Sampling 
1. pickup 
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Appendix (continued) 
3. retrieval to nest 
4. nest building 
5. aggression to mate 
. Behaviors for Days 11-20 
A. Scan Sampling 
1. body contact 
2. proximity 
3. contact with mate 
4. alone 
B. Ad Lib Sampling 
1. pickup 
2. retrieve 
3. aggression to mate 
the animal pickups up the 
pup in its mouth and 
moves the pup more than 
one inch before releasing 
the pup onto the nest 
the animal moves shavings 
onto the nest with the 
paws or mouth 
the animal engages in 
slapping, biting, 
grappling, and/or 
wrestling with its mate 
the animal is in physical 
contact with at least one 
pup 
the animal is within one 
inch of a pup 
the animal is in physical 
contact with its mate 
the animal is not in 
contact with another 
animal and is at least 
one inch away from all 
pups 
the animal picks up a pup 
in its mouth and moves 
the pup no more than one 
inch before releasing the 
pup 
the animal pickups up the 
pup in its mouth and 
moves the pup more than 
one inch before releasing 
the pup 
the animal engages in 
slapping, biting, 
grappling, and/or 
wrestling with its mate 
